Report on Differences in Great Lakes Phosphorus Load Estimates by International Joint Commission. Great Lakes Regional Office et al.
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1979-02-01
Report on Differences in Great Lakes Phosphorus
Load Estimates
International Joint Commission. Great Lakes Regional Office
Canada. Centre for Inland Waters. National Water Research Institute
Walter Rast
Dennis J. Gregor
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Report is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
Recommended Citation
International Joint Commission. Great Lakes Regional Office, Canada. Centre for Inland Waters. National Water Research Institute,
Rast, W., & Gregor, D. J. (1979). Report on Differences in Great Lakes Phosphorus Load Estimates. International Joint Commission
(IJC) Digital Archive. http://scholar.uwindsor.ca/ijcarchive/234
   
    
 
 
REFERENCE GROUP
.
P
O
L
L
U
T
I
O
N
ACTIVITIES
    
   
 
INTERNATIONAL
JOINT
COMMISSION
79 * ///
REPORT ON DIFFERENCES IN THE
GREAT LAKES PHOSPHORUS
LOAD ESTIMATES
 

REPORT ON DIFFERENCES IN GREAT LAKES
PHOSPHORUS LOAD ESTIMATES
by
Walter Rast
Internationai Joint Commission
Great Lakes RegionaT Office
Windsor, Ontario
and
Dennis J. Gregor
Nationai Water Research Institute
Canada Center for Iniand Waters
Buriington, Ontario
Submitted to the
Poiiution from Land Use Activities Reference Group
of the
Internationai Joint Commission
February, 1979
   
 
 DISCLAIMER
The
study
discussed
in this
document
was
carried
out
as part
of the
efforts
of
the
Poiiution
from
Land Use
Activities
Reference
Group
(PLUARG),
an
organization
of
the
Internationai
Joint
Commission,
estabiished
under
the
Canada—United
States Great
Lakes
Water
Quaiity Agreement
of
1972.
Findings
and conciusions are those of the authors and do not necessariiy refiect the
views
of the Reference Group or its recommendations to the Commission.
 SUMMARY
A
re
vi
ew
of
th
e
19
76
Gr
ea
t
La
ke
s
ph
os
ph
or
us
Io
ad
es
ti
ma
te
s
de
ve
Io
pe
d
by
th
e
Po
II
ut
io
n
Fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
Re
fe
re
nc
e
Gr
ou
p
(P
LU
AR
G)
,
th
e
Wa
te
r
Qu
aI
it
y
Bo
ar
d
(W
QB
)
an
d
Ta
sk
Gr
ou
p
II
I
(T
6)
(t
he
bi
Ia
te
ra
I
te
ch
ni
ca
I
gr
ou
p
wh
ic
h
de
ve
Io
pe
d
ph
os
ph
or
us
Ta
rg
et
Lo
ad
s
fo
r
th
e
Gr
ea
t
La
ke
s
as
pa
rt
of
th
e
Fi
ft
h
Ye
ar
Re
vi
ew
of
th
e
Un
it
ed
St
at
es
-
Ca
na
di
an
Wa
te
r
Qu
aI
it
y
Ag
re
em
en
t)
wa
s
co
nd
uc
te
d.
Th
e
To
ad
es
ti
ma
te
s
we
re
ex
am
in
ed
to
de
te
rm
in
e
th
e
so
ur
ce
s
of
di
ff
er
en
ce
s
be
tw
ee
n
es
ti
ma
te
s
an
d,
wh
er
e
po
ss
ib
Ie
,
to
ex
pi
ai
n
th
e
re
as
on
s
fo
r
th
e
di
ff
er
en
ce
s.
A
su
mm
ar
y
of
th
e
so
ur
ce
s
of
in
fo
rm
at
io
n
us
ed
by
th
e
th
re
e
gr
ou
ps
to
de
ve
Io
p
th
e
19
76
ph
os
ph
or
us
To
ad
es
ti
ma
te
s
is
pr
es
en
te
d
in
th
e
foTIowing tabIe:
INFORMATION SOURCES USED TO
DE
VE
LO
P
19
76
PH
OS
PH
OR
US
LO
AD
ES
TI
MA
TE
S
I.
Di
re
ct
Mu
ni
ci
pa
I
an
d
In
du
st
ri
a]
Lo
ad
s:
A)
PL
UA
RG
-
in
fo
rm
at
io
n
ta
ke
n
pr
in
ci
pa
II
y
fr
om
th
e
Wa
te
r
Qu
aI
it
y
Bo
ar
d,
as modified by PLUARG.
B)
Wa
te
r
Qu
aI
it
y
Bo
ar
d
-
in
fo
rm
at
io
n
pr
ep
ar
ed
by
th
e
Re
me
di
aI
Pr
og
ra
ms
Su
bc
om
mi
tt
ee
;
de
ri
ve
d
pr
in
ci
pa
II
y
fr
om
da
ta
su
bm
it
te
d
by
st
at
es
an
d
province.
C)
Ta
sk
Gr
ou
p
II
I
-
in
fo
rm
at
io
n
ta
ke
n
pr
in
ci
pa
II
y
fr
om
th
e
Wa
te
r
Qu
aI
it
y
Bo
ar
d,
as
mo
di
fi
ed
by
Ta
sk
Gr
ou
p
III
,
pr
in
ci
pa
II
y
Sa
gi
na
w
Ba
y
(U.
S.
EP
A
dat
a)
and
La
ke
Er
ie
(U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
La
ke
Er
ie
Wastewater Management Study data).
II.
Tr
ib
ut
ar
y
(M
on
it
or
ed
an
d
Un
mo
ni
to
re
d)
:
A)
PL
UA
RG
— U
.S.
da
ta
ba
se
d
on
PL
UA
RG
U.S
.
tr
ib
ut
ar
y
Io
ad
in
g
st
ud
ie
s,
ex
ce
pt
for
La
ke
Er
ie
(U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
La
ke
Er
ie
Was
tew
ate
r
Man
age
men
t
Stu
dy
dat
a);
Can
adi
an
dat
a
for
mon
ito
red
tri
but
ari
es
pro
vid
ed
by
Ont
ari
o
Min
ist
ry
of
Env
iro
nme
nt,
whi
Ie
dat
a
for
unm
oni
tor
ed
tri
but
ari
es
tak
en
fro
m
the
Wat
er
Qua
Iit
y
Boa
rd.
B)
Wat
er
Qua
Iit
y
Boa
rd
-
inf
orm
ati
on
pre
par
ed
by
the
Sur
vei
IIa
nce
Sub
com
mit
tee
;
der
ive
d
pri
nci
paI
Iy
fro
m
dat
a
sub
mit
ted
by
sta
tes
and
province.
C)
Ta
sk
Gr
ou
p
III
-
in
fo
rm
at
io
n
ta
ke
n
pr
in
ci
pa
II
y
fr
om
the
Wa
te
r
Qu
aI
it
y
Boa
rd,
as
mod
ifi
ed
by
Tas
k G
rou
p I
II,
pri
nci
paI
Ty
Sag
ina
w B
ay
(U.
S.
EPA
dat
a)
and
Lak
e
Eri
e
(U.
S.
Arm
y C
orp
s
of
Eng
ine
ers
Lak
e
Eri
e
Wastewater ManagementStudy data).
III.Atmospheric Loads:
A)
PLU
ARG
- d
ata
bas
ed
on
PLU
ARG
atm
osp
her
ic
stu
die
s.
B)
Wat
er
Qua
Iit
y
Boa
rd
—
inf
orm
ati
on
pre
par
ed
by
the
Sur
vei
IIa
nce
Sub
com
mit
tee
;
dat
a
bas
ed
on
Can
adi
an
stu
die
s
gen
era
Tiz
ed
to
ent
ire
Gre
at
Lak
es
Bas
in,
exc
ept
for
Lak
e
Mic
hig
an
(st
udy
con
duc
ted
for
the
U.S. EPA).
C)
Ta
sk
Gr
ou
p
III
-
in
fo
rm
at
io
n
ta
ke
n
fr
om
the
Wa
te
r
Qu
aI
it
y
Bo
ar
d.
ii
 IIIIllIllIIIIIIIIIIIIII'I'--I'--""-------r__________________________________________—————————1
IV. Upstream Lake Loads:
 
A)
PLUARG — information for Lakes Huron and Erie taken from the Water
QuaTity Board;
data for Lake Ontario based on Environment Canada
Niagara River mouth studies.
8)
Water QuaTity Board - information for Lakes Huron and Erie taken from
the Upper Lakes Reference Group; data for Lake Ontario taken from
1974 Hydroscience report to the Water QuaTity Board.
C)
Task Group III — information taken from Water QuaTity Board.
The major observations concerning the phosphorus Toad estimates of the
three groups are highTighted in the foTTowing paragraphs.
There is TittTe difference between the NOE and TG Lake Superior Toad
estimates.
The higher PLUARG Toad is due principaTTy to a higher (but TikeTy
more accurate) atmospheric estimate.
The WQB and TG Lake Michigan estimates are simiTar.
The Tower PLUARG Toad
is due primariTy to a Tower (but TikeTy more accurate) tributary Toad estimate.
The PLUARG and WQB Toad estimates for Lake Huron are comparabTe.
The
Tower TG Toad is accounted for principaTTy by a Tower tributary Toad estimate.
The phosphorus Toad estimates show the greatest differences for Lake
Erie.
The T6 estimate is highest and the NOB estimate Towest, with the PLUARG
Toad approximateTy midway between these two estimates. The main difference
between the PLUARG and TG Toads is due primariTy to the U.S. direct municipaT
estimate, whiTe that between the PLUARG and WQB Toads is due principaTTy to
the tributary estimate.
The PLUARG atmospheric Toad is Tower than the
identicaT WQB and TG vaTue.
The TG Toad is TikeTy the more accurate of the
three estimates for Lake Erie.
|
1
There is TittTe difference between the NOB and TG Lake Ontario Toad
estimates. The Tower PLUARG estimate is due mainTy to a Tower (but TikeTy
more accurate) upstream Take Toad estimate from Lake Erie to Lake Ontario.
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d c
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overall sense, such a difference would not be of any major significance
relative to Great Lakes phosphorus management strategies. It should also be
noted that many identical or nearly identical numbers in the following
analysis reflect a common data base, rather than three independent similar
load estimates of the same phosphorus source.
A final point to be made is that all discussions of phosphorus in this
report refer to total phosphorus. There is a great deal of difficulty in
determining the biological availability of phosphorus from different sources
and in different chemical forms for use by algae. Further, PLUARG, the WQB
and TG only reportedtotal phosphorus loads. With further understanding of
phosphorus dynamics in lake systems, it is likely that meaningful distinctions
will be made in the future concerning available and unavailable components of
the phosphorus loads to water bodies. However, for the purposes of this
analysis, it is only possible to consider the total phosphorus loads.
II. PHOSPHORUS LOADS BY LAKE (TABLES la-e and Figures la-e):
l) LAKE SUPERIOR (Table 1a) - In general, the WQB and TG estimates are
similar for all sources. Major differences among the three groups
appear to be the atmospheric and tributary inputs. The WQB and TG
estimates from these sources are identical. The PLUARG estimates for
atmospheric and tributary loads are greater (by about 500 and l50
metric tons, respectively) than the NOE or T6 estimates. The result
is that the NOE and TG total load estimates are about 650 metric tons
lower than that of PLUARG. The tributary and atmospheric loads
presented by PLUARG are believed to be the best available estimates.
 
The WQB and TG estimates of the total load are 16 and 15 percent,
respectively, below the estimates of PLUARG.
2) LAKE MICHIGAN (Table 1b) - The WQB and TG total load estimates are
essentially identical. PLUARG's tributary estimate is about 300
metric tons below that of the NOE and TG. Since PLUARG specifically )
investigated tributary loadings, it is believed that the PLUARG )
estimate is the best available. The atmospheric estimates of the A
three groups are essentially identical. (
Thus, the Lake Michigan total tributary load differences are
reflected in the total load, PLUARG's estimate being approximately
300 metric tons, or approximately 5 percent of the total load, less
than the NOE and TG estimates.
 
3) LAKE HURON (Table 1c) - The PLUARG and WQB total load estimates are
similar, while the TG estimate is lower by about 500 metric tons.
The PLUARG atmospheric estimates are nearly 70 metric tons greater
than the NOE or T6 estimates. This difference is not significant
relative to the total load to Lake Huron.
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nearly identical, have been derived primarily from the NOB. The
direct industrial, and atmospheric load estimates are also similar.
The TG and NQB tributary loads are identical, both being over 400
metric tons greater than the PLUARG estimate. The WQB and TG
upstream load estimates from Lake Erie are identical, both having
been taken from the NOB. The NQB value was in turn taken from a l974
report prepared by Hydrosciences. By contrast, PLUARG upstream
loads are based on nearly daily samplings at the Niagara river mouth
into Lake Ontario (direct point sources to the Niagara River were
subtracted from the Niagara River mouth load and considered as part
of the direct municipal load to Lake Ontario). The PLUARG estimate
for the upstream lake load from Lake Erie to Ontario was considerably
lower than that reported by Hydroscience, suggesting the Hydroscience
estimate was too high. This suggestion was subsequently
substantiated by theN085 which reported a reduced 1977 upstream
load of about 2800 metric tons to Lake Ontario, approximately one
half of their 1976 value.
III. DISCUSSION AND ASSESSMENT OF LOADS BY SOURCE
The authors have also attempted to explain some of the differences among the
three loading estimates on the basis of source (Tables la-e and Figure 2).
Since the greatest differences, relative to the PLUARG estimates, occurred in
Lakes Erie and Ontario, attention will be focused on these lakes. However, a
summary of loading data by source for all lakes is also provided.
Evaluation of the PLUARG loading estimates by the authors during this analysis
has resulted in some changes to the PLUARG values in Tables la-e. This
evaluation results in only minor changes in load estimates and does not alter
any conclusions already reached in the PLUARG study. These minor changes are
identified in Table 3 in parantheses immediately below the published values of
PLUARGI. Explanation of these changes is presented below by source.
l) DIRECT MUNICIPAL — The major differences in this source occur in
Lakes Erie and Ontario. The NOB estimate for Lake Erie is 73 metric
tons greater than the PLUARG load, while the TG estimate is over lZOO
metric tons greater, with the greatest difference in the U.S.
estimates for both groups. Re—examination of the PLUARG data
produced the change in the direct municipal load to Lake Erie
indicated in Table 3, resulting in a closer agreement between the
PLUARG and WQB load estimates. The remaining negligible difference
between the PLUARG and NQB estimate is explained by PLUARG's
conservative assumption that plants which had flow data, but no
concentration data, were attaining the l mg/L effluent requirement.
By contrast, the NQB omitted such plants. However, the TG estimate
is still over lZOO metric tons greater than PLUARG's estimate. This
larger value was provided to the TO by the U.S. Army Corps of
Engineers Lake Erie Wastewater Management Study. The Corps of
Engineers data were composed of the municipal plant loads identified
by the NQB, as well as additional data from plants with discharges
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4) ATMOSPHERIC — The NOB and TG Toads are identicaT in aTT Takes, being
taken from the NOB. Lakes Michigan, Huron and Ontario show generaT
agre
emen
t b
etwe
en
the
PLUA
RG,
NOB
and
TG e
stim
ates
.
The
Lake
Erie
HOB and TG Toads are about 350 metric tons greater than the PLUARG
vaTue, a smaTT difference when compared to the T5,000+ metric ton
totaT Take Toad estimates. Both the NOB and TG atmospheric Toad
esti
mate
s fo
r L
ake
Supe
rior
are
aTmo
st 5
00 m
etri
c t
ons
Tess
than
the
PLUARG vaTue. OveraTT, PLUARG's 1976 atmospheric Toads are beTieved
to be the best avaiTabTe estimates.
5) UPSTREAM LAKE LOADS - Lakes Superior and Michigan have no upstream
Take
Toad
s.
The
upst
ream
Take
Toad
s t
o L
ake
Huro
n a
nd
Erie
for
PLUA
RG,
NOB
and
the
TG
are
iden
tica
T,
bein
g d
eriv
ed
from
the
Uppe
r
Lake
s R
efer
ence
Grou
p”.
The
ider
iti<
zaT
TTQB
arid
TG
esti
mate
of
the
Lake
Onta
rio
upst
ream
Toad
from
Lake
Erie
are
abou
t 8
50 m
etri
c t
ons
greater than the PLUARG vaTue. This is due in part to the use by the
NQB
and
TG
of
the
T974
upst
ream
Take
Toad
dete
rmin
ed
by
Hy
dr
og
ﬁe
nc
es
,
as
di
sc
us
se
d
ea
rT
ie
r.
Th
e
PL
UA
RG
To
ad
is
ba
se
d
on
ong
oin
g
Env
iro
nme
nt
Can
ada
stu
die
s
(thu
s
it
may
be
sub
jec
t
to
revision), using data from aTmost daiTy measurements to determine the
1976
Niag
ara
Rive
r T
oad
to L
ake
Onta
rio.
The
upst
ream
Toad
esti
mate
rep
res
ent
s
the
Lak
e
Eri
e
Toad
to
Lak
e
Ont
ari
o,
as
weTT
as
aTT
tri
but
ari
es
dra
ini
ng
to
the
Nia
gar
a
Riv
er.
Ina
dve
rte
ntT
y,
the
WeTT
and
Rive
r (
whic
h fT
ows
to t
he N
iaga
ra R
iver
) wa
s a
Tso
incT
uded
in
the
tri
but
ary
Toad
est
ima
te
and
was
con
seq
uen
tTy
cou
nte
d t
wic
e i
n t
he
PLU
ARG
Lak
e
Ont
ari
o
Toad
est
ima
te.
Thi
s
cor
rec
tio
n
red
uce
s
the
tri
but
ary
Toad
and
the
tota
T
Take
Toad
by
T95
met
ric
ton
s (
abo
ut
2
per
cen
t o
f t
he
tota
T
Take
Toad
).
PLU
ARG
's
ups
tre
am
Take
Toad
fro
m
Lak
e
Eri
e t
o L
ake
Ont
ari
o
is
con
sid
ere
d
to
be
the
bes
t
ava
iTa
bTe
estimate.
 
6)
OTH
ER
(DI
REC
T U
RBA
N)
- N
eit
her
the
WQB
or
T6
exp
Tic
itT
y r
epo
rte
d
dir
ect
urb
an
Toa
ds.
How
eve
r,
ove
raT
T
thi
s
is
an
ins
ign
ifi
can
t
pho
sph
oru
s s
our
Ce
to
the
Gre
at
Lak
es,
reT
ati
ve
to
oth
er
inp
uts
.
In
con
cTu
sio
n,
non
e o
f t
he
thr
ee
gro
ups
hav
e p
rov
ide
d e
sti
mat
es
whi
ch
can
be
con
sid
ere
d t
he
mos
t a
ccu
rat
e f
or
aTT
the
Take
s.
The
PLU
ARG
and
TG
est
ima
tes
hav
e p
rob
abT
y p
rov
ide
d
imp
rov
eme
nts
ove
r t
he
NOB
est
ima
te,
fro
m
whi
ch
bot
h
hav
e
dra
wn
hea
viT
y
for
bas
ic
inf
orm
ati
on.
It
is
the
se
aut
hor
s'
opi
nio
n t
hat
the
PLU
ARG
Toa
ds
are
pro
bab
Ty
bet
ter
for
Lak
es
Sup
eri
or,
Mic
hig
an
and
Ont
ari
o,
whi
Te
TG'
s e
sti
mat
e i
s p
rob
abT
y t
he
bes
t
for
Lak
e E
rie
.
The
Lak
e H
uro
n
est
ima
tes
are
dif
fic
uTt
to
ass
ess
,
par
tTy
bec
aus
e
of
the
phe
nom
eno
n
of
cro
ss-
Toa
din
g
bet
wee
n
por
tio
ns
of
the
Tak
e
bas
in,
whi
ch
was
add
res
sed
by
T6,
but
not
by
PLU
ARG
or
NOB
.
Thi
s
is
a
probTem which requires further evaTuation.
 
 IV. TOTAL LOADS TO THE LAKES
 
Generally, the NQB and TG loads follow the same pattern, except for Lakes
Huron and Erie (Tables 2a-e and Figure 2). The WQB and TG Lake Superior loads
are essentially identical, both about 650 metric tons (about l5-l6 percent)
below the PLUARG estimates. The WQB and TG loads for Lake Michigan are also
nearly identical, about 300 metric tons (3 percent) greater than the PLUARG
load. The WQB and TG Lake Ontario loads are about l000 metric tons (about 8-9
percent) greater than the PLUARG values. The WQB Lake Huron load is 59 metric
tons (l percent) less than the PLUARG load, while the TG load estimate is over
550 metric tons (l2 percent) less than the PLUARG load.
The largest anomalies are seen with the Lake Erie load. The WQB estimate is
about 2000 metric tons (l2 percent) lower than the PLUARG value, while the TG
estimate is about 2200 metric tons (l3 percent) greater than the PLUARG load.
Thus, the PLUARG load is essentially midway between the WQB and TG estimates.
The differences are reflected principally in the direct municipal and
tributary loads.
It is interesting to note that, in spite of numerous differences in specific
source inputs, the total lake load estimates of PLUARG, the WQB and the TG
appear to be basically compatible. None of the total loads are more than
about 1 l5 percent of the PLUARG estimate, most being considerably less. This
is encouraging and tends to support the validity of the estimates. It is also
noted, however, that the lake with the largest load (Erie) shows the greatest
range of load estimates. Yet, the differences in the Lake Erie phosphorus
load estimates are explainable. It is known that these differences have been
examined and resolved informally and satisfactorily by several individuals
involved with each of the three groups. It remains for these differences to
be addressed formally and the results distributed through the basin community
by these individuals so that the confusion surrounding the Lake Erie
estimates can be eliminated. Further more detailed evaluation may
subsequently be desirable, though not necessarily required, to clear up more
specific anomalies in the load estimates. However, these authors feel that
resolution publicly of the gross load differences for at least Lake Erie and
distribution of these resolutions to the Great Lakes regulatory and
implementation community is warranted.
The reader is cautioned that while similar loads produced by three
independent groups may be encouraging, this does not necessarily mean that the
"true" phosphorus loads to the Great Lakes have been determined. Similar load
estimates could also indicate similar data sources or that all three groups
made similar or off-setting errors in their estimates. However, in view of
the lack of an absolute standard against which to evaluate the loads now or in J
the foreseeable future, it can only be assumed that similar loads by several
groups constitutes the best estimate of the phosphorus loads to the Great
Lakes at the present time. This is not to close the door to further a
refinement of phosphorus load estimates, but rather to recognize that the load
estimates presented in this report essentially constitute the extent of the
available 1976 phosphorus loading data.
-9-
FinaTTy, it is the concTusion of the authors that, the best phosphorus
Toad estimates for the Great Lakes (and they wiTT TikeTy aTways remain
estimates as further refinement occurs) can onTy resuTt from a
coordinated coTTection of phosphorus Toading data and a standardized and
scientificaiiy sound approach for caTcuTating Toading estimates. This is
iTTustrated by comparison of the 1976 Lake Erie Toad estimates of the
three groups with the Lake Erie phosphorus Target Load recommended in the
1978 Water QuaTity Agreement . If the WQB estimates for this Take
are accurate, the Target Load can be achieved with oniy 1 mg/L point
source effTuent phosphorus controi measures. However, if the PLUARG or
T6 estimates are accurate, then some additionai degree of point source
and/or nonpoint source phosphorus controT measures wiTT be necessary for
the Lake Erie basin. Therefore, such a coordinated approach is past due
and is necessary to advance scientific studies and to refine phosphorus
management strategies for the Great Lakes.
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TABLE
1a
LAKE SUPERIOR 1976 PHOSPHORUS LOAD
(metric tons)
 
PLUARGa
TASK GROUP IIIb
WATER QUALITY BOARDC
 
Source
U.S. Cdn. TotaT
U.S.
Cdn. Totai
U.S. Cdn. Totai
Direct Municipai
39
28
67
46
31
77
31
28
59
Direct Industria]
0
102
102
2
102
104
O
102 102
Tributary Totaid
964
1491
2455
845
1455
2300
845
1455
2300
Atmospheric
-
-
1566
-
-
1089
—
— 1089
Load from Upstream Lake
-
-
-
-
-
-
-
—
-
Other: e
Urban Direct
— — 1
6 _
_ -
_ _ _
      
TOTAL
4207
3570
3550
   
aas reported in Reference #1
bas reported in Reference #3
Cas reported in Reference #2
destimated Toads at rivermouths
eurban diffuse sources discharging directiy to the Great Lakes
-
1
]
-
  
 TABLE 1b
LAKE MICH
IGAN 1976
PHOSPHORU
S LOAD
(metri
c tons
)
PLUARGa
TASK GROUP IIIb
WATER QUALITY BOA
RDC
 
Source
U.S. Cdn. To
ta] U.S.
Cdn. Tota]
U.S. Cdn. To
taI
  
Direct Municipa]
1040
1042
1040
Direct In
dustriai
32
45
32
d
Tributary TotaI
3596
3894
3880
Atmospher
ic
1682
1690
1690
-
1
2
-
Loa
d f
rom
Ups
tre
am
Lak
e
—
-
-
Other:
e
Urban Direct
-
-
—
       
TOTAL
6350
6671
664?
   
(note; a
1] inputs
into Lake
Michigan
are assum
ed to com
e from th
e U.S.)
aas r
eport
ed i
n Ref
erenc
e #1
bas re
ported
in Ref
erence
#3
Cas reported in R
eference #2
destim
ated T
oads a
t rive
rmouth
s
eurban diffuse so
urces discharging
directly to the G
reat Lakes
  
TABLE 1C
LAKE H
URON 1
976 PH
OSPHOR
US LOA
D
(metric tons)
 
PLUARGa TASK G
ROUP I
IIb
WATER QUALITY BOARDC
 
Source
U.S.
Cd
n.
Tota] U.S.
Cdn. To
tai
U.S. Cdn. TotaT
Direct Municipa]
Direct In
dustriai
Tributary TotaTd
Atmospheric
Load from Upstream Lake
Other:
6
Urban Direct
16
3
1
1954
 
107
0
94
7
 
123
31
2901
1129
65
7
1
6
23 107 130
40
6 46
- — 2398
— — 1062
- — 657
  
16 107 123
31
0
31
1854 1071 2925
-
— 1
062
—
- 6
57
  
TOTAL 4857
4293
  
4798
 
aas reported in Reference #1
bas reported in Reference #3
cas reported in R
eference #2
destimated Toads
at rivermouths
eurban diffuse sources discharging directTy to the Great Lakes
-
1
3
-
 
 TABLE 1d
LAKE ERIE 1976 PH
OSPHORUS LOAD
(metric tons)
PLUARGa TASK GROUP IIIb WATER QUALITY BOARDC
 
Source U.S. Cdn. Total U.S. Cdn. TotaT U.S. Cdn. TotaT
  
Direct Municipa1 5588 70 5658 6846 81 6927 5661 70 5731
Direct Industria] 111 164 275 111 164 275 111 164 275
d 7732 1911 9643 7732 2544 10,276 5603 1608 7211
Tributary
Tota1
Atmospheric — - 774 - - 1119 - — 1119
Load from Upstream Lake - - 1080 - - 1080 — — 1080
-
1
4
-
Othe
r:
6
Urban
Direc
t
44
—
—
—
-
_
_
       
TOTAL
17,474
19,677
15,416
  
 
 
aas reported in R
eference #1
bas reported in Reference #3
Cas reported in Reference #2
destimated 1oads at rivermouths
eurban diffuse sources discharging direct1y to the Great Lakes
  
 TABLE 1e
(metric tons)
LAKE ONTA
RIO 1976
PHOSPHORU
S LOAD
PLUARGa TASK GROUP IIIb WATER QUALITY BOARDC
 
Source
U.S.
Cd
n.
 
To
ta
l
U.
S.
Cdn.
Totai
U.S. Cdn. Totai
 
Direct Municipai 968
Direct Industriai 33
d 2800Tributary TotaT
Atmospheric
-
Load from Upstream Lake -
Oth
er:
8
Urban Direct —
 
1079
47
12
47
 
2047
80
4047
488
4769
324
1010
3
3
3098
 
1129 2139
51
84
1392
4490
_
473
— 5613
 
88
4
33
3098
 
1155 2039
47
80
1392
4490
—
473
- 5613
 
 
TOTAL
 
11,755
 
12,799
 
12,695
 
aas reported in R
eference #1
bas reported in Reference #3
Cas reported in R
eference #2
destimated Toads at rivermouths
eurban diffuse sources discharging directly to the Great
Lakes
-
1
5
-
 
 TABLE 2a
LAK
E S
UPE
RIO
R D
IFF
ERE
NCE
S I
N P
HOS
PHO
RUS
LOA
DSa
REL
ATI
VE
TO
PLU
ARG
197
6 L
OAD
(me
tri
c t
ons)
TAS
K G
ROU
P I
II
WAT
ER
QUA
LIT
Y B
OAR
D
 
Sou
rce
b
U.S.
C
d
n
.
m
u
U.S.
Cdn.
M
Dire
ct M
unic
ipal
+7 (
+18)
C
+2 (n/a)
—119 (—12)
Wra
tIn
mSW
iM
Trib
utar
y To
tal
Atm
osp
her
ic
-
Load
from
Upst
ream
Lake
-
Ot
he
r
_
 
+3
(+
11
)
0
(0
)
-36
(-2
)
 
+10
(+15
)
+2
(+2)
—15
5
(-
6)
-477
(-30)
-16
(n/
a)
-8
(~20
)
O
(0)
-8
(-12
)
0
(0)
O
(O)
O
(0)
—119 (
-12)
-36 (—
2)
—]55
(-6)
-477 (-30)
-16 (n/a)
  
To
ta
l
 
-637
(-15)
 
—65
7
{-1
6)
I
 
adi
ffe
ren
ces
in
Tas
k G
rou
p I
II
and
Wat
er
Qua
lit
y B
oar
d 1
976
loa
ds
rel
ati
ve
to
197
6 P
LUA
RG
load
bso
urc
es
are
ide
nti
cal
to
tho
se
in
Tab
les
la-
e
Cpe
rce
nt
dif
fer
enc
e r
ela
tiv
e t
o 1
976
PLU
ARG
est
ima
te
fro
m e
ach
sou
rce
n/a
= no
t ap
plic
able
(see
text
)
-
1
6
-
 
TABLE 2b
LAKE MICHIGAN DIFFERENCES IN PHOSPHORUS LOADSa RELATIVE TO PLUARG 1976 LOAD
(metric tons)
 
TASK GROUP III
WATER QUALITY BOARD
 
U.S.Cdn.
Cdn.
Sourceb
TotaI
  
TotaI
Direct MunicipaI
+2 (+0.2)C
Direct IndustriaI
+13 (+41)
+298 (+8)
+8 (+0.5)
Tributary TotaI
Atmospheric
Load from Upstream Lake
Oth
er
    
-
1
7
-
TotaI
+321 (+5)
 
+292 (+5)
  
(note: aII phosphorus inputs to Lake Michigan are assumed to come from the U.S.)
adifferences in Task Group III and Water Quality Board Toads reIative to 1976 PLUARG Toad
bsources are identicaI to those in Tabies la-e
Cpercent difference reIative to 1976 PLUARG estimate from each source
n/a not appIicabIe (see text)
 
 TABLE 2C
LAKE
HURON
DIFFE
RENCE
S IN
PHOSP
HORUS
LOADS
a REL
ATIVE
TO PL
UARG
1976
LOAD
(metri
c tons
)
TAS
K G
ROU
P I
II
WATER QUA
LITY BOAR
D
 
Sou
rce
b
U.S.
Cdn.
13:31
a
s
Eda;
To
ta
I
Dir
ect
Mun
ici
pa]
+7
(+4
4)C
Dir
ect
Ind
ust
ria
T
+9
(+2
9)
Trib
utar
y To
ta]
Atm
osp
her
ic
—
—
Load
fro
m U
pst
rea
m L
ake
-
—
Oth
er
-
—
  
+7
(+6)
+
1
5
(
+
4
8
)
-503
{-17)
—67
(-6)
0
(O)
-16
(n/
a)
0
(0)
0
(
o
)
—100
(-5)
 
+124 (+13)
  
Tot
aI
-562
(-12)
  
adif
fere
nces
in T
ask
Grou
p I
II a
nd W
ater
QuaI
ity
Boar
d 19
76
Ioad
s re
Iati
ve t
o 19
76
bso
urc
es
are
ide
nti
ca]
to
tho
se
in
Tab
Tes
Ia-e
Cper
cent
diff
eren
ce
reia
tive
to 1
976
PLUA
RG e
stim
ate
from
each
sour
ce
n/a
= no
t ap
pTic
abIe
(see
text
)
PLU
ARG
Toa
d
-
1
8
-
 
TA
B
L
E
2
d
LAKE
ERIE
D
I
F
F
E
R
E
N
C
E
S
IN
P
H
O
S
P
H
O
R
U
S
LOADSa
R
E
L
A
T
I
V
E
TO
PLUARG
1976
LOAD
(
m
e
t
r
i
c
t
o
n
s
)
 
T
A
S
K
G
R
O
U
P
I
I
I
W
A
T
E
R
Q
U
A
L
I
T
Y
B
O
A
R
D
S
o
u
r
c
e
b
 
U
.
S
.
Cdn.
 
TotaT
m
TotaT
D
i
r
e
c
t
M
u
n
i
c
i
p
a
i
Direct
Industriai
T
r
i
b
u
t
a
r
y
T
o
t
a
i
A
t
m
o
s
p
h
e
r
i
c
Load
from
U
p
s
t
r
e
a
m
Lake
Other
0
0
+
1
2
5
8
(
+
2
2
)
c
(0)
(0)
+11
(+16)
0
(0)
+633
(+33)
  
+1269
0
(0)
(+7)
(+22)
+633
+345
(+44)
0
(
0
)
-
4
4
(
n
/
a
)
0
(
O
)
—2129
(-28)
  
+73
(+1)
0
(0)
-
2
4
3
2
(
—2
5
)
—345
(+44)
0
(
0
)
-
1
9
-
-
4
4
(
n
/
a
)
 
Totai
 
+2203
(+13)
 
-2058
(-12)
 
a
d
i
f
f
e
r
e
n
c
e
s
in
T
a
s
k
G
r
o
u
p
III
a
n
d
W
a
t
e
r
Q
u
a
T
i
t
y
B
o
a
r
d
1
9
7
6
T
o
a
d
s
r
e
i
a
t
i
v
e
t
o
1
9
7
6
P
L
U
A
R
G
T
o
a
d
b
s
o
u
r
c
e
s
a
r
e
i
d
e
n
t
i
c
a
l
to
t
h
o
s
e
in
T
a
b
T
e
s
l
a
—
e
C
p
e
r
c
e
n
t
d
i
f
f
e
r
e
n
c
e
r
e
i
a
t
i
v
e
to
1
9
7
6
P
L
U
A
R
G
e
s
t
i
m
a
t
e
f
r
o
m
e
a
c
h
s
o
u
r
c
e
n/a
=
not
a
p
p
T
i
c
a
b
T
e
(see
text)
 
 LA
KE
TABLE 2e
ONTA
RIO
DIFF
EREN
CES
IN P
HOSP
HORU
S LO
ADSa
RELA
TIVE
TO P
LUAR
G 19
76 L
OAD
(me
tri
c t
ons)
Sou
rce
b
TASK G
ROUP I
II
WATER
QUALI
TY B
OARD
 
U.S. Cdn
.
Tot
aI
 
U.S.
Cd
n.
 
TotaT
Dire
ct M
unic
ipaI
Dire
ct I
ndus
tria
T
Tri
but
ary
Tot
a)
Atm
osp
her
ic
Load
from
Upst
ream
Lake
Ot
he
r
+42
(+4)C
O (0)
+298
(+11)
+50
(+5)
+92
+4 (+8)
+4
+145 (+12
) +443
-
-15
—
+84
4
-
—324
  
(n/a)
+298
(+11)
+145
(+12)
  
-8
0
+443
-15
+8
44
-3
24
(-O
.4)
 
Tot
aI
+1
04
4
(+9)
 
+940
 
adi
ffe
ren
ces
in
Tas
k G
rou
p I
II
and
Wat
er
Qua
Iit
y B
oar
d 1
976
Toa
ds
reI
ati
ve
to
197
6
bso
urc
es
are
ide
nti
caI
to
tho
se
in
Tab
les
Ia-e
Cper
cent
diff
eren
ce
reIa
tive
to 1
976
PLUA
RG e
stim
ate
from
each
sour
ce
n/a
=
not
app
Iic
abI
e (
see
text
)
PLUAR
G To
ad
-
2
0
_
TABLE
3
REVISION OF 1976 TOTAL PHOSPHORUS LOADS REPORTED BY PLUA
(metric tons)
(revised estimates
are within
paranthese
R
G
5)
 
LAKE SUPERIOR
LAKE MICHIGAN
LAKE HURON
LAKE
ERIE
LAKE ONTARIO
U.S.
Cdn.
Total
U.S.
Cdn.
Total
U.S.
Cdn.
Total
U.S.
Cdn.
Total
Cd
n.
Total
Direct Municipal
39
29
68
1,040
-
1,040
16
107
123
5,588
70
(5,672)
Direct
Industrial
0
102
102
32
-
’32.
31
O
31
111
164
Urban
Nonpoint
Direct
*
16
16
*
—
*
*
16
16
*
44
Tributary
Total
964
491
2,455
3,596
—
3,596
1,954
947
2,901
7,732
1,911
Atmospheric
-
-
1,566
-
1,682
—
—
1,129
-
-
Load from
Upstream
Lake
657
-
-
5,658
(5,742)
275
44
9
,
6
4
3
774
1,080
968
3
3
2,800
1,079
(1,142)
4
7
324
1,247
(1,052)
2,047
(2,110)
80
324
-
2
]
-
4,047
(3,852)
488
4,769
Total
-
—
4,207
-
6,350
-
-
4,857
—
-
1
          
 
 
 
7,474
17,558)
 
 
 
11,755
11,623
 
*
included in tributary load
 
(m
e
t
r
i
c
t
o
n
s
)
P
H
O
S
P
H
O
R
U
S
L
O
A
D
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